This paper provides a comprehensive analysis of whether stock returns in Europe are best characterized by country-specific or Europe-wide versions of widely used factor models. The paper offers an explanation to the puzzle of why Fama and French (2012) 
Introduction
Estimating accurate discount rates is an essential aspect of financial management and the finding that the Fama and French (1993) three-factor and Carhart (1997) four-factor models offer a better empirical explanation of equity returns than CAPM has led to the widespread adoption of the models by academics and practitioners for estimating cost of equity. Because both models are motivated by empirical patterns in equity returns, the economic interpretation of the factors remains unclear. Fama and French (2012) (hereafter FF12) applied the three-and four-factor models internationally to help identify the underlying economic process governing the factors and also to examine the extent to which asset pricing is integrated across regions. They report that although regional versions of the factor models have substantially better explanatory ability than the poorlyperforming global models, there is no evidence of a size effect in any of the regions. I reexamine the findings from the European part of FF12's sample -unlike FF12, I examine both region-wide and country-specific data, this approach allows me to offer new insights and explain why FF12 are unable to detect a size premium.
The paper is motivated by FF12's (p5) justification for examining Europe as whole and not at an individual country level: "the countries of Europe are almost all members of the European Union (EU), and those that are not formal members (e.g. Switzerland) participate in most of the EU's open market provisions". I find this justification questionable for a number of reasons. Firstly, Griffin (2002) already showed that the three-factor model works better on a country-specific level. Secondly, the ongoing European sovereign debt crisis and the associated political and economic divergences make FF12's assumption of market integration in Europe particularly questionable. In addition to this, Devalle et al. (2010) report only mixed evidence of an increase in the value relevance of accounting data since the implementation of International Financial Reporting Standards in Europethe value relevance of earnings increased, but the value relevance of book value of equity decreased -as one of the factors in the three-and four-factor models is based on the B/P ratio, this finding has important implications for the application of factor models in Europe. Therefore, I extend Fama and French's (2012) work and examine the application of factor models both at a Europe-wide and individual-country level.
The main contribution of this paper is to explain why FF12 find value and momentum premiums but no size premium in Europe. I show that while the value and momentum premiums are present on a Europe-wide basis, the size premium only exists at a national level. As no research that I am aware of considers the possibility that the size, value, and momentum premiums may not all exist at the same geographic level -i.e. some are region-wide while others are country-specific -the paper uncovers unique evidence and features of the premiums in Europe.
The paper proceeds as follows. The next section discusses the previous literature on the momentum, size, and value effects. Sections three and four provide a description of the sample and summary statistics respectively. Results are presented in section five, followed by a discussion of the results in section six. Section seven concludes.
The size premium -the empirical regularity that equity returns are higher for smaller companies than for their larger counterparts -was first documented by Banz (1981) and then confirmed by Reinganum (1981) . Although the value premium has been consistently reported across both different time periods and regions, the size premium has proved to be less robust and more recent papers such as Amihud (2002) , Horowitz et al. (2000) , and Schwert (2003) indicate that the size effect may have disappeared in the years following its detection. Schwert (2003) attributes the size premium's disappearance to practitioners exploiting it following its discovery. Although the majority of the empirical research has focused on the USA, the size effect has also returned mixed results when studied in Europe. Heston et al. (1999) examine the size effect in 12 European countries between 1978 and 1995 and report a negative relationship between size and average returns in 11 countries, with the relationship being statistically significant in five countries. In contrast, Dimson and Marsh (1999) examine the size premium in the United Kingdom and report that it actually reversed over their sample period and small stocks actually underperformed. Dimson et al. (2002) extend their earlier study to a broader sample and find the same size premium reversal in 18 out of the 19 countries investigated. Foye et al. (2013) conduct an out-of-sample test of the three-factor model and examine the countries that joined the EU in 2004. They find a value premium, but no size premium. However, van Dijk (2011) cautions that it may be premature to conclude that the size and premium has gone away and stresses the need for more empirical research.
The momentum premium refers to the continuing outperformance (underperformance) of stocks that have performed well (poorly). The phenomenon was first documented by Debondt and Thaler (1985, 1987) who find that stock returns exhibit momentum and reversal patterns. Building on this work, Jegadeesh and Titman (2001) report that the strategy of buying winner portfolios and shorting loser portfolios outperforms. Hwang and Rubesam (2013) examine the momentum premium and find that it only exists over certain periods and has disappeared completely since the late 1990s.
In a seminal paper, Fama and French (1993) propose incorporating two new risk factors into CAPM: high minus low (HML [the difference between returns on high B/P stocks and low B/P stocks]) and small minus big (SMB [the difference between returns on small and large stocks]). Carhart (1997) augmented the three-factor model with a fourth factor, winners minus losers (WML), in order to incorporate momentum. Foye et al. (2013) respecified the three-factor model and replaced the size factor with a term which they believe captures accounting manipulation. Fama and French (1993) consider CAPM to be misspecified and believe that by extending the model with premiums for size and value, their three-factor model provides a risk-based explanation for the size and value premiums. However, Fama and French's (1993) interpretation of their results is controversial. In terms of the B/P component, Lakonishok et al. (1994) oppose Fama French's (1993) risk-based explanation and propose that the value effect is attributable to investors acting irrationally, which eventually leads to the outperformance of value and underperformance of growth stocks. Lakonishok et al. (1994) find no evidence that value stocks underperform in "bad states of the world", indicating that the value premium should not be considered to be compensation for risk. In contrast, Chen et al. (2008) , Gulen et al. (2010) , and Petkova and Zhang (2005) all find that the value premium varies counter-cyclically -findings which are consistent with a risk-based explanation. Turning to the size component, Campbell et al. (2008) report that although companies with a high probability of bankruptcy also have a high loading on the SMB factor, these firms do not earn higher returns -this is inconsistent with a risk-based explanation. One explanation for the size premium is that it represents compensation for illiquidity. Stoll and Whaley (1983) show that the size premium disappears after the bidask spread is taken into account. However, Schultz (1983) finds that the size premium still exists even after transaction costs. Merton (1987) hypothesizes that investors are more likely to have incomplete information about smaller companies and this may result in a size premium. Just as Lakonishok et al. (1994) explain the value premium through investor behavior, the same explanation could be offered for the size premium, however van Dijk (2011) reports that this argument is underexplored in the literature.
Data and variables
Accounting data and stock returns are taken from Datastream. The sample period is June 1997 to June 2013. One year of data is lost forming the momentum factors, therefore our HML, SMB, and WML portfolio returns start in June 1998. The objective of this paper is to extend the international evidence on the momentum, size, and value premiums to a large sample of European countries; the necessary cost of this is a short sample period. Although much of the data is available earlier, the June 1997 start date ensures broad coverage in the countries I examine. Returns are adjusted for dividends and stock splits and are specified in Euros. Monthly excess returns are returns in excess of the one-month German Bund rate.
For both aggregate Europe and individual countries, I sort stocks on size (measured by market value of equity in Euros), momentum, and B/P (as measured by the ratio of book value of equity divided by market value of equity). I form portfolios constructed from sorts on size, B/P, and momentum. For the explanatory variables used in the asset pricing tests, at the end of June of each year t I sort stocks in both aggregate Europe and individual countries by size, B/P, and momentum. For the size factor (SMB) the breakpoints are bottom 10% (S) and top 10% (B). For the value factor (HML) the breakpoints are top 30% (H) and bottom 30% (L). I construct sorts on momentum using a similar procedure to the B/P sorts; the only difference being that I form momentum portfolios on a monthly basis using lagged momentum returns. For example, a portfolio formed at the end of month t will have a lagged momentum return calculated over period t-11 to t-1.
For the LHS variables, for both aggregate Europe and individual countries, I construct 25 size-B/P portfolios at the end of June of each year t. The size and B/P breakpoints are the quintiles of the country's (or aggregate Europe's) total market capitalization or B/P.
Summary Statistics
I begin by examining the geographic breakdown of the sample (Table 1) , followed by the summary statistics for the explanatory variables (Table 2 ). I then examine the 25 portfolios formed on size and B/P (Table 3) .
Geographic breakdown <TABLE 1 HERE>
The aim of this paper is to offer an as comprehensive as possible study into the size, value, and momentum effects in Europe. However, some countries had to be excluded as they lacked the requisite data 2 . This leaves 18 countries in the sample. The United Kingdom (646 stocks) has the largest number of stocks in the sample, followed by Germany (373 stocks), and France (348 stocks). Austria (33 stocks), Portugal (32 stocks), and Turkey (39 stocks) have the lowest number of stocks in the sample. The total across the 18 countries is 2,688 stocks.
Explanatory returns <TABLE 2 HERE>
Equity premiums for 1998 to 2013 -calculated as the mean of the monthly market return minus the one month German Bund rate -are positive for every country except Greece in the sample. The average return for aggregate Europe is 0.2% per month, returns range from -0.28% per month for Greece to 7.12% per month for Russia. Echoing previous research, market risk premiums are very imprecise. In fact, the market risk premium is distinguishable from zero only in Greece 3 .
During the sample period, SMB returns are positive for aggregate Europe, but not statistically significant. In contrast, SMB returns are frequently statistically significant for individual countries. This suggests that the size premium is only a local phenomenon in my sample. As FF12 only calculate SMB on an aggregate Europe level, and not for individual countries, this explains why they find no evidence of a size premium.
Unlike the size premium, the value and momentum premiums are present at the Europe-wide level. The premiums also exist for individual countries. Average HML returns range from Greece's 0.02% per month (t-stat 0.1214) to Poland's 0.068% per month (t-stat 5.9987). The value premium is persistently non-zero across the individual countries over the sample period. Out of the sample of 18 European countries, 10 exhibit a statistically significant momentum premium. Average WML returns range from Sweden's -2.57% per month to Russia's 1.61% per month. 2 We removed countries with too few stocks listed to form 25 size-B/P portfolios in 1997. The following countries were removed: Bulgaria, Czech Republic, Estonia, Hungary, Ireland, Latvia, Lithuania, Luxembourg, Romania, Slovakia, and Slovenia 3 I use 5% for the level of statistical significance throughout the paper Summing up, echoing FF12, I find strong value and momentum premiums throughout Europe and no evidence of a Europe-wide size premium. Interestingly, although the size premium is not present at a Europe-wide level, it is frequently statistically significant at a national level. This finding calls into question FF12's approach of forming factor models based on Europe-wide data.
4.3. Size-B/P excess returns <TABLE 3 HERE> Table 3 shows matrices of average excess returns for the 25 size-B/P portfolios for both aggregate Europe and individual countries. In the Europe-wide portfolios, there are value premiums in all size groups -this corroborates the findings of FF12, who report a strong value premium in Europe. This pattern persists at an individual country level for 16 out of the 18 nations in our sample, Italy and Turkey being the exceptions.
Echoing the findings of FF12, there is no evidence of a Europe-wide size premium during the sample period. However, there is a strong size premium in 11 countries 4 .
Thus, although the value premium is present at both a Europe-wide and a national level, the size premium is entirely country-specific. My results indicate that FF12's approach of forming portfolios by region, rather than by country, explains why they fail to detect a size premium in Europe. Therefore, in the next section of the paper, I conduct asset pricing tests using both Europe-wide and individual country data.
Asset Pricing Tests for Size-B/P Sorted Portfolios
The results from the regressions to explain excess returns on the 25 size-B/P sorted portfolios are shown in Tables 4 to 7. Table 4 contains the Gibbons et al. (GRS, 1989 ) Ftest and regression intercepts along with associated summary statistics. Tables 5, 6 , and 7 contain the intercepts and associated summary statistics for the CAPM, three-factor, and four-factor models, respectively. I examine results both Europe-wide and also at a national level for each of the 18 countries in the sample.
<TABLE 4 HERE> <TABLE 5 HERE>
The Europe-wide CAPM performs poorly in the tests. The GRS statistic for the CAPM regressions (6.87, Table 4 ) is deep into the right of the F-distribution. The CAPM intercepts (Table 5) are always negative for the extreme growth groups, but there is no evidence of a size premium. Predictably, a strong value premium is present in the locally-sorted portfolios for many countries in the sample. Interestingly, although there is little evidence of a size premium in the aggregate Europe tests, a size premium exists at a national level for many countries in the sample. The size premium is particularly pronounced in Italy, Netherlands, Sweden, Switzerland, and the United Kingdom; in these countries all five of the small-size portfolios have positive intercepts and all five of the large-size portfolios have negative intercepts. The size premium can also be detected in the intercepts of the regressions for Denmark, Finland, Germany, Norway, and Poland, which have mostly positive intercepts for the small-size groups and mostly negative intercepts for the largesize groups.
<TABLE 6 HERE>
The three-factor model has an improved ability to explain returns in both the Europe-wide and locally-sorted size-B/P portfolios. The Europe-wide GRS statistic (Table 4 ) falls from 6.87 to 5.41 and the average absolute intercept falls from 0.29 to 0.16; however it is still above the 1% threshold, leading to a rejection of the Europe-wide three-factor model.
The Europe-wide value pattern present in Table 5 is no longer present in Table 6 . Applying the three-factor model to locally-sorted portfolios, the GRS statistic is lower than for the CAPM regressions in all but three (Finland, Greece, and Russia) of the 18 countries in the sample. From examining the intercepts in Table 6 , it can be seen that for aggregate Europe, even after applying the three-factor model, there is still a value premium in the intercepts, albeit with lower t-stats. Turning to the locally-sorted portfolios, there is little evidence of a size premium in the intercepts -even for Italy, Netherlands, Sweden, Switzerland, and the United Kingdom, the five countries for which the size effect was most pronounced in Table 5 .
<TABLE 7 HERE>
Applying the Europe-wide version of the four-factor model reduces the GRS statistic (Table 4) , lowering it from the three-factor model's 5.41 down to 4.81. The four-factor model is rejected and its intercepts are similar to those from the three-factor model. Likewise, applying the four-factor model on an individual country basis reduces the GRS statistic for many countries in the sample. The GRS statistics for Denmark, Finland, Germany, Greece, Norway, Russia, Switzerland, and the United Kingdom are all substantially lowered by the addition of a momentum factor.
Discussion of Results
When conducting asset pricing tests it is preferable to have a large number stocks when forming portfolios for the regression's RHS variables. This lends support to FF12's approach of forming portfolios on region-wide, rather than country-specific, factors. However, my findings indicate that although the size and momentum premiums are not present at a Europe-wide level, they can be detected at a national level -challenging the practice of forming portfolios on a region-wide basis. Forming portfolios only for the wider region means that any local factors that influence equity returns have been overlooked. As detailed in section 2, the determinants of the size, value, and momentum premiums are controversial and complex and the debate cannot be easily resolved. However, my findings go some way to helping identify the underlying process.
The locally-sorted portfolios in my sample have ample stocks with which to form RHS portfolios for France (348), Germany (373), Italy (196) , Sweden (205) , and the United Kingdom (646). There are sufficient stocks in the sample to form portfolios for, Norway (109), and Switzerland (123). The portfolios formed for Belgium (69), Denmark (79), Finland (79), Greece (88), Netherlands (67), Poland (68), Spain (89) have a minimal number of stocks. The portfolios formed for Austria (33), Portugal (32), Russia (45), and Turkey (39) are somewhat suspect. This is clearly a limitation to my approach of forming locally-sorted portfolios; however, the alternative of forming Europe-wide portfolios fails to capture the size premium.
Conclusions
The three-factor model of Fama and French (1993) and the four-factor model of Carhart (1997) are the dominant models for estimating equity returns. However, the economic interpretation of the factors remains unclear and empirical evidence from non-US markets has returned mixed results. This has created a requirement for studies which test these models in different contexts. I go some way to addressing this requirement by offering a comprehensive study using very recent data from a broad sample of countries and finding unique results that offer new insights about the size, value, and momentum premiums in Europe.
The paper's main contribution is to extend the work of FF12 and offer an explanation as to why they find value and momentum premiums, but no size premium in Europe. This paper fills an important gap in the literature as it uncovers unique evidence by showing that whilst the value and momentum premiums exist at a Europe-wide level, the size premium can only be detected at a national level. My findings also have important implications for financial management practitioners when estimating discount rates in different countries. For example, Holmén and Pramborg (2009) survey Swedish firms about the capital budgeting techniques they employ and find that managers avoid the theoretically correct net present value approach in favor of the payback method because of the difficulties associated with estimating discount rates when faced with countryspecific political risks -this paper shows how managers can estimate discount rates using local factors.
Although I am unable to offer a definitive explanation as to why all three factors exist at a national level, but only two can be detected for portfolios formed on a Europe-wide basis; my findings indicate that future research should concentrate on country-specific factors when trying to explain the size effect, whilst focusing on region-wide factors when examining the momentum and value premiums. Although the paper's main findings may be sample-specific, however as a minimum I believe that I have shed new light on a contentious issue as prior studies have not considered the possibility that the size, value, and momentum premiums may not exist at the same geographic level -i.e. some factors may be region-wide, but others are only country-specific. In addition to this, the paper offers guidance for future researchers whom I would advise to exercise caution both when selecting countries for forming portfolios to explain returns in a region and also when assuming integration of stock market returns in Europe.
Table 1
Geographic breakdown of stocks in the sample
The sample consists of stocks that had a European listing as of 1.1.1997. Stocks from the following countries had to be removed due to having an insufficient number of stocks with which to form size-B/P portfolios: Bulgaria, Czech Republic, Estonia, Hungary, Ireland, Latvia, Lithuania, Luxembourg, Romania, Slovakia, and Slovenia. Table 2 Summary statistics for explanatory returns: June 1998 -June 2013
Number of Companies
We examine portfolios formed for aggregate Europe as well as for the 18 individual countries in the sample. We form portfolios at the end of June of each year t by sorting stocks by size, bookprice, and momentum groups. For the size factor, small minus big (SMB), the breakpoints are bottom 10% (S) and top 10% (B). For the value factor, high minus low (HML), the breakpoints are top 30% (H) and bottom 30% (L). For the momentum factor, winners minus losers (WML), we form portfolios on a monthly basis using lagged momentum returns calculated over period t-11 to t-1. All returns are in Euros. Market risk premiums are calculated as a region's market portfolio minus the one-month German bund rate. Table 4 Summary statistics for regressions to explain monthly excess returns on portfolios formed on size and B/P: June 1998 -June 2013.
Market Risk Premium
The regressions use CAPM, three-factor, and four-factor models with local factors to explain returns on aggregate Europe and individual country portfolios. The GRS statistic is used to test whether the intercepts of the set of 5x5 regressions are zero. IaI is the average absolute intercept for the set of 5x5 regressions. R 2 is the average adjusted R Intercepts and t-statistics (shown in brackets) from the three-factor regressions to explain monthly returns on the 25 size-B/P sorted portfolios: June 1998 -June 2013. 
